Measurement and estimation of motion variables is an important feature for autonomous navigation. Since the not-so-distant past, global positioning systems (GPS) and GPS-aided inertial navigation systems (INS) have been the main measurement tools for civil and military unmanned systems. A widely employed technique has been the extended Kalman filter (EKF) for the integration and filtering of GPS and INS data, which serves to remove sensor noises and biases, as well as estimating motion states between GPS updates. While many navigation systems depend almost entirely on the integrity and reliability of GPS data, persistent challenges in this technology are non-linearities and the need to maintain estimation accuracy in the absence of GPS, in order to ensure safe operation of unmanned platforms.
each activated depending on the determined motion type. Interestingly, the method is able to capture fast transient motion. Next, Yun et al. study integration of lowcost inertial sensors and GPS to obtain position and navigation signals for a mini unmanned aerial vehicle (UAV). Common problems with these low-cost INS are bias, random noise and scaling errors. To overcome these, through modelling of the non-linear motion and subsequent linearization, the authors present an estimation scheme based on H-infinity filtering. The advantages are that precise knowledge of noise characteristics is not required, and the method is robust against system uncertainties. A third paper by You et al. investigates a general problem encountered in low-cost implementations, namely quantization. To minimize estimation error related to quantization, the authors present a multi-level quantized Kalman filter for linear stochastic systems. The paper discusses optimal quantization threshold, robust quantization and shows, in the limiting case of infinite quantization levels, that the quantized Kalman filter in fact approaches the standard Kalman filter.
This special issue also gathers three papers on attitude determination in the absence of a complete GPS/INS sensor suite. Mahony et al. propose a simple nonlinear observer for attitude estimation based only on inertial measurements with three-axis gyroscopes and accelerometers, and dynamic pressure measurement with a pitot tube. The observer is based on the full non-linear motion model (with attitude in quaternion representation), and additional models of gravity and angle-of-attack dynamics. Closely related to the latter is the paper by Palanthandalam-Madapusi et al., which studies wind field reconstruction in the absence of unknown wind disturbance. For a UAV in planar flight, the authors assume the available of position and airspeed measurements, and consider two cases where the heading angle is known on the one hand, and unknown on the other hand. Particularly, for the second case, which is non-linear in the unknowns, the authors propose an extension of the unscented Kalman filter. A third paper on attitude determination, by Zhang et al., considers a different technology, namely vision-based horizon recognition. Motivated by their observation that the horizon projection using Hough transform is not robust, the authors present three new indicators of projection peaks, based on which they propose an adaptive recognition algorithm that allows real-time computation.
Finally, the paper by Jagadish and Chang presents an interesting approach for computing Euler angles using vectorial measurements of Earth's gravity and magnetic field relative to the body of a vehicle. By a combination of 25 different ways of calculating the same Euler angles, the approach offers what the authors call 'diversified redundancy', which renders the computation tolerant to faults or extraneous perturbations in some sensing axes. The insight provided in this paper is relevant to attitude measurement for UAVs where fault tolerance is an important consideration.
